The impact of door opening on cave carbon dioxide (CO 2 ) levels was studied in the Entrance Chamber and the Gallery Chamber of the Balcarka Cave (Moravian Karst, Czech Republic). The effect of door opening differed with cave ventilation modes. Under upward airflow mode, the cave door opening led to the increase of output advective CO 2 fluxes from the cave and to the decrease of CO 2 levels. This effect was evident especially in the Entrance Chamber near the cave entrance and then suppressed in the Gallery Chamber situated deeper in the cave. Under the downward airflow mode, the cave door opening changed airflow paths and main CO 2 sources/fluxes. This resulted in the increase of CO 2 level in the Entrance Chamber while the levels in the Gallery Chamber decrease. Modeling indicates that the increase could be result of input advective CO 2 fluxes from epikarst (up to 5.9 × 10 -2 mol s -1 ). To reduce the impact on cave microclimate, a careful control of the visiting regime without overlapping of individual doors' openings is recommended. cave chamber, CO 2 levels, cave ventilation, door opening, advective CO 2 flux
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INTRODUCTION
Carbon dioxide (CO 2 ) is an important component of the global carbon cycle (e.g., Schlesinger & Andrews, 2000) and plays important role in many karst processes such as limestone dissolution (e.g., Stumm & Morgan, 1996) , calcite speleothem formation (e.g., Dreybrodt, 1999; Banner et al., 2007; Frisia et al., 2011) , or speleothem corrosion (e.g., Sarbu & Lascu, 1997; Dublyandsky & Dublyansky, 1998; TarhuleLips & Ford, 1998; Faimon et al., 2006) . The difference between the CO 2 partial pressures in (1) soil/upper epikarst, (H) P CO2 , and (2) cave atmosphere, (C) P CO2 , represents the driving force for these processes (White, 1988; Ford & Williams, 2007) . Some studies showed that hypothetical (H) P CO2 values could be reconstructed from cave dripwater hydrogeochemistry (Faimon et al., 2012c; Peyraube et al., 2013; Milanolo & Gabrovšek, 2015; Pracný et al., 2016a, b) . Generally, enhanced (H) P CO2 (Fairchild et al., 2000; Faimon et al., 2012c) is responsible for limestone dissolution and cave development (Baldini et al., 2006) . The lower (C) P CO2 controls dripwater degassing and calcite precipitation (speleothem growth) (Holland et al., 1964) .
It is well known that the environment of show caves is significantly influenced by (1) human activity derived from the works required for ensuring the access of cave visitors, and by (2) presence of visitors inside the cave. The anthropogenic impact in show caves was documented by many studies focused on (i) temperature (e.g., Pulido-Bosch et al., 1997; de Freitas & Schmekal, 2006; Šebela & Turk, 2014) , (ii) CO 2 concentrations (Faimon et al., 2006; Liñán et al., 2008; Milanolo & Gabrovšek, 2009; Šebela et al., 2013; Lang et al., 2015a) , and (iii) both the components above (e.g., Hoyos et al., 1998; Sánchez-Moral et al., 1999; de Freitas, 2010) . In addition, there were some attempts to summarize the principles of optimum cave management and cave environment conservation (e.g., Fernández et al., 1986; Calaforra et al., 2003; Lario & Soler, 2010; Lobo, 2015; Lang et al., 2017) . In addition to former "standard" phenomena, so-called "parasitic phenomena" may also be recognized in caves. This term was adopted from electrical engineering. It represents various adverse phenomena that distort time series of basic variables. In cave environment, such phenomena could be associated especially with temporary anthropogenic interventions into the cave microclimate. As an example, Lang et al. (2015b) recently presented the study of the visitor movement in low-profile passages that affect cave ventilation and disturb or even make inverse the CO 2 level evolution. Another similar phenomenon is linked to door opening. The caves made available to tourists are often equipped with doors to protect cave microclimate. However, the high attendance in show caves is associated with the frequent cave door opening during visiting hours, which could contribute to changes in the cave ventilation and consequently in CO 2 levels. The goal of this work was to verify in detail the impact of cave door opening on (i) cave ventilation and (ii) cave CO 2 levels based on a case study in the Balcarka Cave (Moravian Karst).
METHODS
Site of study
The Balcarka Cave is situated in the northern part of the Moravian Karst near the Ostrov u Macochy village (Faimon et al., 2012a; Lang et al., 2015a, b) . The position and sketch map of the cave are illustrated in Fig. 1A . Mean annual precipitation in the study area is about 700 mm; mean annual temperature of the external atmosphere is about 10°C (Pracný et al., 2016a) . The cave has been formed in the Upper Devonian limestones of the Macocha Formation. It consists of a two-level complex of relatively narrow corridors (total length of about 350 m) and the chambers. The cave is known for rich speleothem decoration of all types: stalactites/stalagmites, flowstones, curtains, and thick-walled soda straws. The height distance between both cave levels is about 20 m. The thickness of cave rock overburden is about 20-50 m (Fig. 1B) . The cave has three entrances equipped by steel doors: the main entrance #1 is at 459.3 m above sea level (a.s.l.), the old cave exit #3 at 457.5 m a.s.l., and the new cave exit #4 at 446.9 m a.s.l. (Fig. 1B) . Additional doors, the door #2 and the connecting door (CD) separate the input cave portal from the Entrance Chamber and the Chimney Chamber, respectively (Fig. 1) . Note that only doors #1 (entrance into the cave), #2 (input to the Entrance Chamber) and #4 (exit from the cave) are used during visitor tours, doors #3 and CD were opened only for the purpose of the experimental monitoring. In addition to the known entrances, some hidden/unknown openings undoubtedly exist in the cave. All the entrances/ openings in distinct altitudes are responsible for the dynamic behavior of cave air circulation. A theoretical background on cave air circulation was given by Cigna (1968) and Wigley & Brown (1971) . Several studies on artificial systems (e.g., Richon et al., 2005) can also be useful for the better understanding natural systems. The cave airflows principally depend on (1) cave geometry and (2) the pressure difference resulting from contrasting air densities (de Freitas et al., 1982; Kowalczk & Froelich, 2010) . Since density is primarily a function of temperature, cave airflows are mostly related to the temperature difference between external and cave atmospheres, ΔT = T exterior -T cave (where T exterior is external air temperature and T cave is cave air temperature [°C]) (Baker & Genty, 1998; Bourges et al., 2001; Spötl et al., 2005; Faimon et al., 2012a; Faimon & Lang, 2013 al., 2012a for details). Based on Lang et al. (2015b) , the hypothetical natural airflow into the Balcarka Cave reaches up to 3.2 × 10 -3 m 3 s -1 . Based on case measurements in the cave, the natural CO 2 levels are well known for winter seasons when the cave is out of visiting regime. They approach the external CO 2 levels about 400-500 ppmv. In summer seasons, the peak CO 2 values can reach up to 7,000 ppmv (see Faimon et al., 2012c) . However, these values are affected by the visitors' breathing (see Lang et al., 2015a, b) . The annual course of the cave CO 2 clearly indicates a dynamic cave of type B (Lang et al., 2016) . Since 1923, the Balcarka cave was gradually explored from different sites; the individual cave parts were merged together in 1936. The cave became public in 1926; the visitor circuit was modified into the current state in 1949. Nowadays, the cave is open to tourists from March to November; the attendance is about 30,000 to 40,000 persons per year. The daily visiting regime covers several tours: average three tours per day during early spring (late fall) are expanding to average ten tours per day during summer. Whereas the entries of individual groups start every hour in case of the smaller number of groups, the intervals between groups are shortened to half an hour in case of higher number of groups. The visit duration is about one hour. It indicates that up to three visitor groups may be simultaneously present in the cave (while one group is entering the cave, second group is inside, and third group is leaving the cave).
The Entrance Chamber (EC) and the Gallery Chamber (GC) were chosen as the monitoring sites (Fig. 1 ). The EC with total volume of about ~110 m 3 is situated in the lower cave level, approximately 50 m from the cave entrance. The chamber is developed in the low-profile cave passages with the cross section from 3 to 7 m 2 . The chamber input passage is represented by a narrow corridor with descending staircase. In contrast, the output passage from the chamber is represented by the narrow corridor of about ~60 m long leading into the large Foch's Dome Chamber. The GC with total volume of about ~150 Jeannin, 2004 for details). The chamber is situated in the upper cave level and it is accessible by ascending/ descending staircases.
Monitoring
Time series of CO 2 concentrations were collected during five individual monitoring campaigns designed on the basis of the external temperature (in the period from November 2013 to July 2015). Because Balcarka Cave represents a show cave, all the campaigns were conducted in the late afternoon, when the cave was closed to visitors. Individual measuring sensors were placed into the chambers after the last visitor group had left the cave, about ~1 hour before start of experiment. Based on some studies on anthropogenic CO 2 dynamics (e.g., Lang et al., 2017) , the period of 1 hour without anthropogenic influence leads to the significant decrease of anthropogenic CO 2 in the cave atmosphere. Further decrease has slower dynamics than the changes induced by door opening. The individual campaigns were divided into fifteen tenminute intervals. Each interval was connected with opening of different cave door combinations. The ten-minute intervals at individual combination were assumed to be sufficiently long to identify the changes induced by door opening and sufficiently short for excluding some others influences (e.g., the changes in barometric pressure, external temperature, and other variables). A monitoring schedule of door opening during the individual campaigns is given in Table 1 . The order of door combinations was designed to keep the continuity of airflow changes. The temperatures for ΔT calculations were logged with 1-minute time steps (i) in the exterior, about 50 m outside the cave, and (ii) inside the cave in the Entrance Chamber, about 50 m from the main entrance (door #1). Based on the previous monitoring in the Balcarka Cave, the temperature difference between EC and GC do not exceed 1°C, therefore the temperature in both chambers was assumed consistent. During the campaign DMC-DAF, airflow was logged at 10-second time steps at one point in slightly open separating door (#2) (the surface area of the gap corresponded to 0.1 m 2 ). The schedule of all the campaigns is in Table 2 . The CO 2 concentrations were measured with 1-minute time steps in EC and GC at about 2 m above the cave floor. During all the campaigns, CO 2 concentrations were monitored under conditions without the visitor presence inside the cave (without anthropogenic influence). The CO 2 was detected by a 2-channel IR-detector FT A600-CO2H (measuring range: 0 to 10,000 ppmv; accuracy: ±50 ppmv + 2 vol. % of measured value in the range of 0 to 5,000 ppmv; resolution: 1 ppmv or 0.0001 vol. %) linked to the ALMEMO 2290-4 V5 Ahlborn data logger (Germany). For modeling, the volume concentrations (in ppmv unit) were consecutively recalculated into molar concentrations (mol m -3 ), based on the Ideal Gas Law and given temperature/pressure, 
THEORETICAL BACKGROUND
The concentration of CO 2 in cave atmosphere is result of balancing of various input and output CO 2 fluxes. The principal fluxes are: (i) diffusive CO 2 fluxes, (ii) advective CO 2 fluxes, and (iii) CO 2 flux derived from dripwater degassing.
The total input diffusive CO 2 flux from soils/epikarst,
, is believed to represent the principal input CO 2 flux into cave chamber. It can be estimated based on the Fick's First Law: -3 ]. The positive advective fluxes correspond to the airflow direction into cave and negative ones to the airflow direction out of cave. The flux sign is derived from the sign of airflow volumetric velocity. The effects of the advective CO 2 fluxes may differ, depending on airflow direction and position inside cave. Whereas the airflow from exterior decreases the CO 2 level, the airflow transporting CO 2 from deeper cave sites and epikarst can increase the level (Lang et al., 2015a) .
The input CO 2 flux derived from dripwater degassing, j deg [mol s
-1 ], is generally a significant contributor to CO 2 in a cave chamber. The infiltrating water saturated by gaseous CO 2 (at given P CO2 in soils/ epikarst) typically degasses after reaching the cave (Holland et al., 1964; Bourges et al., 2001; Baldini et al., 2008) . The degassing driving force is the difference between (1) partial pressure of CO 2 in the water, (W) P CO2 , (i.e., partial pressure of gaseous CO 2 at equilibrium with aqueous carbonate species) and (2) actual partial pressure of CO 2 in cave atmosphere, (C) P CO2 (Faimon et al., 2006; Ford & Williams, 2007; Faimon et al., 2012a) . In this work, however, such flux was considered constant because of the short duration of the experiments. Thus, the effect of the flux at door opening was ignored.
The total CO 2 flux into a cave chamber, j [mol s -1 ], is given as the sum of the all CO 2 fluxes (input fluxes are positive, output ones are negative),
where j i are the individual fluxes [mol s -1 ]. Several studies based on dynamics modeling and mass fluxes (e.g., Holland et al., 1964; Lasaga & Berner, 1998; Richon et al., 2005) 
DATA Monitoring during UAF ventilation mode (C1-UAF period)
The raw data (2.5-hour-long time series) obtained during the monitored campaign C1-UAF (5 November 2013) comprise the CO 2 concentrations from EC/ GC and the temperature difference ΔT = T ext -T cave (Fig. 2) . All the data were collected during the period of active ventilation at the external temperature between 6.8 and 7.4°C. Based on almost constant cave site temperature (T cave ~8.7°C), the temperature difference ΔT ranged from -1.8 to -1.2°C (Fig. 2A) . It indicates that cave persisted in the upward airflow (UAF) ventilation mode during the whole campaign. These data show different evolution in individual chambers. Whereas CO 2 concentrations gradually decrease from 560 to 438 ppmv (2.4 × 10 -2 to 1.9 × 10 -2 mol m -3 ) in EC during various combinations of door opening (Fig. 2B) , almost constant values with fluctuation of about 15 ppmv (6.5 × 10 -4 mol m -3 ) were observed in GC (Fig. 2C) .
Monitoring during DAF ventilation mode
During the DAF mode, four monitoring campaigns were performed (Table 1) . At the first campaign C2-DAF, a surprising behavior of CO 2 was observed. The next two campaigns, C3-DAF and C4-DAF, aimed to verify the data from the previous campaign. The last campaign DMC-DAF was focused on detail CO 2 monitoring and airflow direction/rates.
Campaign C2-DAF
During this 2.5-hour-long campaign (running in 3 July 2015), external temperature ranged from 28.1 to 30.6°C. The cave persisted in the period of active ventilation. Based on almost constant cave site temperature (T cave ~9.0 to 9.6°C), the temperature difference ΔT ranged from 19.0 to 21.2°C (Fig. 3A) . This indicates the downward airflow (DAF) ventilation mode during the whole campaign. The CO 2 concentrations in EC varied in the wide range from 464 to 1,187 ppmv (2.0 × 10 -2 to 5.1 × 10 -2 mol m -3 ) (Fig. 3B) . Based on the evolution of CO 2 concentrations in EC, two main groups of door combinations were identified. Whereas some combinations (open door #1+#2+#3, or #2+#3) led to the increase of CO 2 levels, other combinations (open door #1+#2+#4, #1+#4) resulted in the decrease of CO 2 levels. In contrast to EC, the concentrations in GC systematically decreased from 1,430 ppmv to 1,176 ppmv (6.2 × 10 -2 to 5.1 × 10 -2 mol m -3 ) (Fig. 3C) .
Campaign C3-DAF During this 2.7-hour-long campaign (running in 29 April 2016), the schedule of door opening was expanded by the two 5-minute intervals with the open connecting door CD (Fig. 1) . The campaign was implemented into monitoring schedule based on the experience from the campaign C2-DAF, when the door was opened accidentally. The 5-minute periods of the CD opening were chosen in order to distinguish clearly the role of CD in ventilation regime. Based on the external temperature (T exterior ~13.8 to 17.6°C) and cave site temperature (T cave ~8.3 to 10.0°C), the temperature difference ΔT ranged from 5.2 to 7.7°C (Fig. 4A) airflow (DAF) ventilation mode during the whole campaign. The CO 2 concentrations in EC varied around mean value of ~480 ppmv (2.1 × 10 -2 mol m -3 ) (Fig. 4B) . Despite the relatively narrow range, two different trends were identified in CO 2 level evolution depending on the door opening combinations. In the case of periods with the open doors #1+#2+#3+#4 or #3, slight increase of CO 2 levels is observed. However, systematical decrease of CO 2 levels is evident during the periods with the open doors #2+#4 and #1+#3+#4. In GC, the "natural" CO 2 levels (without anthropogenic influence) varied around mean value of ~500 ppmv (2.2 × 10 -2 mol m -3 ) (Fig. 4C) .
Campaign C4-DAF This 2.7-hour-long campaign (running in 30 July 2016) followed the campaign C3-DAF. It includes two 5-minute intervals with open connecting door CD. The external temperature ranging from 23.4 to 27.2°C indicates that cave persisted in the period of active ventilation. Based on the cave site temperature (T cave ~9.4 to 11.1°C), the temperature difference ΔT ranged from 13.9 to 17.7°C (Fig. 5A) , which indicates DAF ventilation mode during the whole campaign. The CO 2 concentrations in EC varied in a wide range between 352 and 2,058 ppmv (1.5 × 10 -2 and 8.9 × 10 -2 mol m -3 ) ( Fig. 5B) . The lower-than-mean CO 2 concentrations in the external atmosphere are in the range of the diurnal variations of 371 ± 65 (STDEV) ppmv monitored in a local meteorological station Holštejn. Whereas some combinations of door opening (#1+#2+#3 and #2+#3) correspond to the rapid increase of the CO 2 levels, other combinations (#1+#2+#3+#4 and #1+#2+#4) represent quick decrease of CO 2 levels. In GC, the concentrations systematically decrease from 3,413 to 2,697 ppmv (1.5 × 10 -1 to 1.2 × 10 -1 mol m -3 ) (Fig. 5C ).
Campaign DMC-DAF This 1.5-hour-long campaign, running in 27 August 2016, comprised detailed monitoring of (i) CO 2 concentrations in EC during DAF ventilation mode before/after specific combination of door opening and (ii) the airflows through the individual cave doors after door opening. Data on CO 2 concentrations showed two periods with different CO 2 trends (Fig. 6 ). In the initial period (~30 minutes) under closed-door conditions, CO 2 concentrations slightly decreased from 1,176 to 799 ppmv, which corresponds to a removal of the anthropogenic CO 2 produced by last visitor group. After opening of the doors #2, #3, and CD, this concentrations rapidly increased during a relatively short period (~15 minutes) up to 2,500 ppmv. After this, CO 2 concentrations only slightly increased up to 2,800 ppmv.
Independently from the CO 2 concentrations, the airflow directions/rates through the individual doors were logged except for the door #1 (main entrance) because of the poorly defined relative large vents around the door that did not allow for quantification. The results of airflow monitoring are summarized in Table 3 . The monitored airflows through doors #2, #3, and #4 were out of EC and cave, respectively. The airflows through CD went into CC. The mean airflow rates showed a wide range of values for individual doors. Whereas the lower airflow rates up to 1.36 × 10 -1 and 1.99 × 10 -1 m 3 s -1 were found through the doors #3 (old cave exit door) and #2 (separating door), enhanced airflows reaching up to 3.83 × 10 -1 m 3 s -1 were detected through the door #4 (new cave exit door).
DATA ANALYSIS
During UAF ventilation mode, the CO 2 concentrations in both chambers evolved predictably: the concentrations slightly decreased in EC and remained almost constant in GC (Fig. 2) . During DAF mode, however, a completely different CO 2 behavior was observed, especially in EC: the door opening led to increase of CO 2 levels (Figs. 3, 4 , and 5). Furthermore, different CO 2 levels in EC caused by opening of individual cave doors were identified. Opening of the separating door (#2) and old cave exit door (#3) were found to be responsible for observed increase of CO 2 levels. Moreover, this effect was amplified by opening CD. In contrast, opening of new cave exit door (#4) through all the combinations contributes to the decrease of CO 2 levels. Comparison of the airflow rates through the individual doors (Table 3) indicates that airflows through the door #4 roughly represent a sum of both partial airflows through the doors #2 and #3.
The total CO 2 flux responsible for the increase was calculated from detailed data (Fig. 6 ) based on Eqn. 5. Its value was j ~1.1 × 10 -2 mol s -1 . For better understanding of the phenomenon, individual CO 2 fluxes potentially contributing to the total flux were estimated. The assumed fluxes were: (1) diffusive flux from soils/epikarst, (2) advective fluxes from deeper cave passages, and (3) direct advective flux from epikarst. The fluxes resulting from dripwater degassing were not included because of their assumed low values (see Lang et al., 2016) and constancy during the whole monitoring campaign. -5 m 2 s -1 ) were applied, in order to cover nonhomogeneous structure of cave overburden. The CO 2 concentrations directly measured in upper parts of the soil profiles in the Moravian Karst range from 1,000 to 10,000 ppmv (4.3 × 10 -2 to 0.43 mol m -3 ) (Faimon & Ličbinská, 2010; Faimon et al., 2012b; Blecha & Faimon, 2014) . A narrower range is reported for cave CO 2 concentrations. The Balcarka Cave belongs to the caves with rather low CO 2 levels, between 500 and 3,000 ppmv (2.2 × 10 -2 and 2.0 × 10 -1 mol m -3 ) (Faimon et al., 2012b; Lang et al., 2016) . According to the cave altitude diagram (Fig. 1B) , the distance for diffusive CO 2 transport, ΔL, roughly corresponds to -9 and 3.9 × 10 -6 mol s -1 (see Table 4 ). GC during campaigns at DAF mode ranged between 476 and 3,413 ppmv (2.1 × 10 -2 and 0.15 mol m -3 ) ( Figures 3C, 4C, and 5C ). Based on the estimated ranges of individual variables, the advective CO 2 fluxes into EC from GC, j a Ga d l v , would range from 1.7 × 10 -3 to 2.0 × 10 -2 mol s -1 and from the soils/epikarst, j a EK dv , from 3.6 × 10 -3 to 5.9 × 10 -2 mol s -1 . All the calculated advective fluxes are summarized in Table 4 .
Distinction between the advective fluxes was deduced from estimated transport time. The calculation was based on the volumetric airflow rates measured at the door #2 of (0.83-1.36) × 10 -1 m 3 s -1 (Table 3) and individual cross-section areas through which CO 2 is transported into EC. The crosssection area of the corridor connecting EC with GC is about 10 m 2 on average. Total cross-section area of the fissures, cracks, and shafts in EC overburden (the area for advective CO 2 fluxes from epikarst) was estimated to be less than 1 m 2 . Based on these individual parameters, the estimated linear airflow rates for CO 2 transport from epikarst into EC were in the ranges of (0.8-1.4) × 10 -2 m s -1 and (4.2-6.8) × 10 -2 m s -1 into GC. Assuming the distance EC vs. GC of ~100 m and the thickness of EC overburden of ~50 m the transport time is from 2.0 to 3.3 hours from GC and up to 0.1 hours from epikarst. 
DISCUSSION
The CO 2 concentrations measured in the Balcarka Cave in the range from 300 to 3,500 ppmv roughly agree with the values previously measured in the Moravian Karst caves (Faimon et al., 2006; Faimon et al., 2012a; Lang et al., 2015a Lang et al., , b, 2016 Lang et al., , 2017 and also with the values reported by, e.g., Spötl et al. (2005) , Baldini et al. (2006) , Liñán et al. (2008) , Lario & Soler (2010) , and Ridley et al. (2015) . The range of values indicates that Balcarka Cave belongs to the caves significantly influenced by cave ventilation (e.g., Kowalczk & Froelich, 2010; Tremaine et al., 2011) . Based on Lang et al. (2016) , the Balcarka Cave represents the cave of geometry A, characterized by an open lower entrance and the upper hidden openings allowing the air/CO 2 to penetrate into the cave through soils/epikarst. Whereas the lower CO 2 levels are associated with the UAF ventilation mode, higher levels are associated with DAF mode (due to the direct advective CO 2 fluxes from soils/epikarst). A different CO 2 variability was identified in the individual chambers. Whereas the wide ranges of CO 2 levels are visible in the EC representing cave entrance passages, significantly narrower ranges were found in the GC situated in deeper cave passages (Fig. 1A) . This is consistent with lower-variable CO 2 levels generally found in deeper cave passages (e.g., Buecher, 1999; Baldini et al., 2006) . This also explains why the effect of door opening in GC was attenuated during the monitoring campaigns (Figs. 2-5) .
Under the UAF mode, the opening of cave doors contributed to a general increase of cave airflows and advective output CO 2 fluxes, which led to decrease of CO 2 levels. This effect is evident in the cave entering passages (EC). Under DAF mode, the cave door opening caused a switching of predominant airflow paths that changed the main CO 2 sources and fluxes. This resulted in increase of the CO 2 levels in EC while the CO 2 levels in GC decreased. The mechanism of switching ventilation branches/paths is little understood and requires further study. However, it seems evident that in case of two parallel ventilation paths, the airflows would dominate in the paths with lower resistance (the resistance could be driven by the morphology/topography/segmentation and length of individual paths). The input flux increase in EC is well documented by CO 2 peaks in the campaigns C2-DAF and C4-DAF reaching the maxima up to 1,200 ppmv (5.2 × 10 -2 mol m -3 ) (Fig. 3B) and even 2,100 ppmv (9.1 × 10 -2 mol m -3 ) (Fig. 5B) , respectively. Such rapid increase of the CO 2 in EC is caused by strong input CO 2 fluxes. Because of downward airflows (DAF mode), the CO 2 sources of the fluxes should be situated in the upper cave parts: in (i) GC, (ii) CC or (iii) epikarst/soils. Analysis of potential input fluxes is given in Table 4 . Direct diffusive CO 2 fluxes from overburden show too low values (between 1.5 × 10 -9 and 3.9 × 10 -6 mol s -1 ) to cover the total flux into EC. In contrast, the advective CO 2 fluxes from the deeper cave passages (GC) show the values ranging from 1.7 × 10 -3 to 2.0 × 10 -2 mol s -1 that are comparable with the experimentally found total flux into EC (1.1 × 10 -2 mol s -1 ). However, the transport time of CO 2 would be too long (2.0 to 3.3 hours). It would result in several hours' lag, which is inconsistent with data. The airflow directions through doors #2 and #3 pointing out of the chamber/cave (Table 3 ) question the possibility of flux from the CC. Moreover, the transport time would be even longer than from the GC. At given airflows, strong CO 2 fluxes could result from the high CO 2 concentrations in soils/epikarst. Thus, the advective input fluxes from epikarst (3.6 × 10 -3 to 5.9 × 10 -2 mol s -1 ) remain the more probable fluxes causing the increase of CO 2 levels in EC at the changes of ventilation during the DAF mode. The CO 2 transport time from epikarst reaching 0.1 hour is roughly consistent with the lag of CO 2 levels (~15 minutes) beyond the door opening (Fig. 6 ). There are even conceivable sudden changes of cave CO 2 levels by the advective fluxes from epikarst without lag, made by a "piston flow" (see, e.g., Baldini et al., 2008) .
The lower CO 2 levels (about 480 ppmv, i.e., 2.1 × 10 -2 mol m -3 on average) with fluctuations found during the campaign C3-DAF (Fig. 4B) could be explained by transitionally lower CO 2 concentrations in soils/epikarst. The campaign C3-DAF was conducted in April, when CO 2 concentrations in soils did not reach the "standard" summer values and cave CO 2 levels corresponded to winter levels. Some studies on CO 2 concentrations in the soils above the Balcarka Cave (e.g., Faimon et al., 2012b) showed roughly half-values during spring (April to May) in comparison with summer season (June to August). The campaigns C2-DAF and C4-DAF were performed in July, when maxima of CO 2 concentrations in soils are generally reached. In fact, this explanation seems to be somehow contradicting to the previous studies of Faimon et al. (2012c) and Pracný et al. (2016a, b) indicating only slight seasonal variations in epikarstic CO 2 concentrations. Thus, this seasonality in CO 2 fluxes may indicate that soils are the main source of CO 2 in the Balcarka Cave. An additional reason for the inconsistencies in CO 2 levels could be the lower ΔT values corresponding to weaker airflows at the campaign C3-DAF (Faimon & Lang, 2013 ).
An analysis of the experimentally found airflow directions and the altitude relations of cave geometry allowed to estimate possible ventilation paths throughout the Balcarka Cave at open doors (#2, #3, #4 and CD) for individual ventilation modes (Fig. 7) . Detailed patterns of airflows in the cave with closed door are not known. It would require a special study with specific monitoring equipment, which was not in the scope of this article. In fact, despite the closed doors, the cave ventilates and shows the seasonality typical for dynamic caves. No doubt, various hidden/ unknown openings play a role. However, the regime of ventilation changes at open doors.
Scheme of the airflow paths during UAF mode showed three main branches of the airflow from exterior: (i) one branch through the doors #1 and CD, (ii) second branch through the door #2, EC and GC, and (iii) third branch through the doors #3 and #4 (Fig. 7A) . All the airflows reoriented towards the CC and back to exterior by the chimney. The doors #1 and #3 are playing the role of both lower and upper entrances concurrently. Measurement at these doors indicates that the cold air may flow through the door at the ground whereas the warmer air at the top. The monitored chambers EC and GC are vented by the second ventilation branch. The gradual decrease of CO 2 levels in EC resulted from the direct transport of low CO 2 concentrations from exterior and cave entrance passages (Fig. 2B, C) . In the remote cave parts (GC), the instantaneous change in CO 2 cannot be observed during such short-term ventilation change.
During the DAF mode, the ventilation paths completely changed (Fig. 7B) . Additional airflows through the epikarst bringing significant amount of CO 2 are probably responsible for the higher CO 2 concentrations in EC (Figs. 3B and 5B ). It could be demonstrated by instantaneous changes in CO 2 isotopic composition, but relevant data were not available. We will concentrate on this issue in a future study. The gradual decrease of CO 2 levels in GC (Figs. 3C and 5C) could be associated with the enhanced airflow between CC -GC -EC (through the doors #2). The long distance between EC and GC did not allow the impact on the CO 2 levels in EC. The airflow rates through the door #4 (Table 3) confirm summarization of the partial airflows through doors #2 and #3.
The study showed that just one additional entrance could be crucial at the setting of ventilation regime in a cave. This important finding should be remembered during discovering and accessing of caves. In the case of the Balcarka Cave, the lowest entrance (the door #4) is responsible for the main reduction in cave CO 2 levels. The combinations of open separating doors #2, old cave entrance #3, and connecting doors CD are responsible for increase in the cave CO 2 levels (especially in EC during DAF mode). Since neither door #3 nor CD are commonly used, no revision of the current visitors' regime in the Balcarka Cave is necessary. Generally, however, the effect of simultaneously open door needs to be assessed on a case-by-case basis.
CONCLUSIONS
The impact of door opening on cave CO 2 concentrations was studied in (i) the Entrance Chamber and (ii) the Gallery Chamber of the Balcarka Cave (Moravian Karst). The results showed that CO 2 levels in both the studied cave sites were influenced by different factors depending on the external and internal conditions. Based on the opening of individual doors, different ventilation paths were distinguished in the cave under upward airflow (UAF) and downward airflow (DAF) ventilation modes. During the UAF mode, the cave door opening contributed to general increase of cave airflows and thus to the decrease of CO 2 concentrations due to enhanced output advective CO 2 fluxes. Such effect was evident especially in the Entrance Chamber due to the transport of lower CO 2 concentrations from cave entrance passages. In the Gallery Chamber situated deeper in the cave, such effect was suppressed. During the DAF mode, some combinations of door opening lead to the changes in cave airflow paths. With the change, also main CO 2 sources changed, which paradoxically lead to significant CO 2 level increase in the Entrance Chamber. Modeling suggested that just the transport of enhanced CO 2 concentrations from epikarst by advective fluxes represents the more probable factor causing the increase. The study has shown that even short-term changes in cave ventilation may radically influence cave microclimate. Therefore, some organizational and technical measures are proposed in the more frequent show caves, in order to keep natural conditions. They could be associated with automatic door closers or/ and with a harmonization of the entry/exit times of individual visitor groups in order to prevent the opening of several doors simultaneously. This study focused on the show caves could also contribute to the general knowledge about possible changes in cave microclimate in the geological past, during which old openings were periodically closed by sediments at various events (collapses, floods) while new openings were created.
